Objective: Patients who survive admission to the intensive care unit (ICU) commonly complain of fatigue, weakness, and poor functional status. This study sought to determine the utilization of inpatient physical therapy (PT) for patients recovering from critical illness.
C ritically ill patients, especially those who require mechanical ventilation, commonly develop acute neuromuscular weakness resulting in increased rates of intensive care unit (ICU) readmission, an increased risk of institutionalization, decreased long-term physical functioning, and an overall decreased health-related quality of life (1) (2) (3) . Immobility, the systemic inflammatory response that accompanies critical illness, poor nutritional status, and exposure to pharmacologic agents, such as neuromuscular blocking agents and corticosteroids, all contribute to the development of this potentially debilitating neuromuscular weakness (4) .
While in the ICU, patients are often initially prescribed bed rest. However, inactivity and immobility by themselves have significant and deleterious physiologic effects, including atelectasis, pressure ulcers, and an increased susceptibility to aspiration and pneumonia (5, 6) . With a daily loss of 1.3% to 3% of muscle strength from immobility, a 10% reduction in postural muscle strength can occur after only 1 week of compete bed rest in healthy volunteers (7) . The effect of immobility is even more profound in the elderly and in patients with chronic illnesses, including congestive heart failure and chronic obstructive pulmonary disease (COPD) (8 -10) . In addition to the deleterious effects of immobility, ICU patients are at increased risk for the development of acquired neuromuscular disorders. Multiple studies have reported the development of critical illness polyneuropathy or critical illness myopathy in over 50% of patients who required mechanical ventilation for Ͼ7 days (11) (12) (13) (14) . The development of neuromuscular weakness in patients recovering from critical illness has dramatic effects on their physical functioning and healthrelated quality of life after ICU discharge. The greatest impairments are especially related to daily physical functioning, including an inability to lift and carry groceries, climb stairs, bend, kneel, or walk moderate distances (15) .
Physical therapy (PT) is one potential intervention that has been studied in patients recovering from critical illness (16) . Bailey et al (17) determined that PT can be safely performed on patients with acute respiratory failure who required mechanical ventilation for Ͼ4 days. A small cohort study from Taiwan also demonstrated modest improvements in the Barthel Index of Activities of Daily Living scores after a 6-week physical training program (18) . Another randomized control study from Italy involving 24 chronically ventilated COPD patients suggested that the addition of electrical stimulation to active limb mobilization in these patients decreased the number of days needed to transfer from bed to chair (19) . However, activities such as ambulation, positioning, and passive range of motion exercises are reported to be among the most commonly missed inpatient nursing interventions (20, 21) . On the basis of this relatively small body of literature, a European Respiratory Society and European Society of Intensive Care Medicine Task Force concluded that there was only level C (uncontrolled or nonrandomized trials) evidence regarding the effectiveness of acute PT for critically ill adults (22) .
How PT is actually utilized for patients recovering from critical illness has not been widely studied. Surveys of physiotherapists in European and Australian ICUs reported that their primary responsibility was to perform respiratory forms of therapy, including airway suctioning, postural drainage, and weaning from mechanical ventilation (23, 24) . There are currently no studies that examine the utilization of PT for patients recovering from critical illness in the United States. Therefore, we conducted a national survey of physical therapists to elucidate current PT practices for patients recovering from critical illness, including hospital staffing patterns, the likelihood that ICU patients would receive PT, and to identify the most common types of PT that are performed.
MATERIALS AND METHODS
Initially, we organized several conferences with physical therapists and critical care physicians from our institution to identify common ICU diagnoses that may receive an inpatient PT consultation. On the basis of their opinions and our clinical experience, we constructed six different ICU patient scenarios where PT may become involved in patient care. To isolate the effect of the primary diagnosis on the utilization of PT, we standardized all the other components of each patient scenario. For example, the patient was intubated and remained on mechanical ventilation for 2 weeks in each of the six scenarios. Except for the cerebrovascular accident scenario and the cervical (C6) fracture scenario, all the patients were described as being alert, able to follow commands, and diffusely weak throughout (3ϩ to 4 of 5 muscle strength). The age and sex of the patient were deliberately not included in any of the six case scenarios to remove these factors from consideration. The survey was then distributed to several critical care physicians and physical therapists to assess for clarity, completeness, and realism of the scenarios. Minor modifications in the protocols were made based on their suggestions.
The first survey was mailed to the 984 members of the acute care section of the American Physical Therapy Association, a national association representing 71,000 members across the United States. The American Physical Therapy Association is the principal membership organization representing and promoting the profession of PT. The survey included a cover letter stating that the purpose of the study was to identify the current use of PT for patients recovering from critical illness in the United States. Nonrespondents to the initial mailing were not sent a reminder postcard or a second mailing of the survey. The survey was completed anonymously. None of the respondents were compensated for their involvement and all responses were voluntary. This study was approved by the University of Colorado Institutional Review Board.
The survey required about 15 minutes to complete and included questions regarding general information about the demographics of the primary hospital of employment and issues regarding PT staffing. The survey also consisted of questions concerning a series of six scenarios of mechanically ventilated patients commonly encountered in the ICU (Appendix). The physical therapists were questioned regarding the likelihood that PT would be consulted and the number of days per week that PT would be administered for each scenario. The likelihood that PT would be involved was considered to be "frequent" if the estimated percentage of involvement was Ͼ75%. By using a 1-7 Likert scale (where 1 was "very unlikely" and 7 was "very likely"), the physical therapists were asked to determine the likelihood that six different types of PT would be performed for each of the six patient scenarios: chest physiotherapy, passive range of motion exercises, positioning to prevent contractures and wounds, therapeutic exercise (as defined by either aerobic or resistive movement initiated by the patient with the assistance of the physical therapist), functional mobility retraining (as defined by bed mobility, balance training, transfer training, and ambulation exercises), and functional electrical stimulation. The final question for each of the six patient scenarios determined which single type of PT was felt to be the most efficacious for that patient scenario.
Statistical Analysis. Descriptive statistics were reported as mean Ϯ SD or percent (95% confidence interval). Cronbach's alpha was calculated to determine the reliability of the entire survey and each subscale. To demonstrate construct validity, exploratory factor analysis was performed using principal component analysis. Principal component analysis involves a mathematical procedure that transforms a number of correlated variables into a smaller number of uncorrelated latent variables called principal components. In this case, the principal components represent the underlying or latent constructs contained in the survey. Scree plots (plots of the Eigenvalues) and Wrigley's Criterion (unique loadings Ն3.0) were used to evaluate the number of components to be retained. Chi-square test of independence was used to test categorical variables. Mixed model repeated-measures analysis was used to determine the difference in likelihood scores among six different forms of PT as measured by a Likert scale ranging from 1 to 7, where 1 was "very unlikely" and 7 was "very likely." The Tukey-Kramer p-value adjustment was used to adjust for the number of pairwise comparison. Ordinal logistic regression was used to determine the odds of using PT, the odds of working with a patient Ͼ3-5 days/wk, and the odds of using each form of therapy by patient scenario. Reliability and principal component analysis were performed in SPSS 16.0 (SPSS, Inc, Chicago, IL), whereas all other analyses were performed using SAS 9.1 (SAS Institute, Raleigh, NC).
RESULTS

Demographics. Between March and
May 2007, a total of 490 physical therapists representing hospitals from 49 of the 50 states responded to the survey (overall response rate of 50%). A total of eight of the respondents returned but did not complete the survey as they no longer worked in a critical care setting. Therefore, the responses from 482 physical therapists were included in the final analysis. A total of 33% of the respondents worked in a university or universityaffiliated hospital, with the remaining 67% working in community hospitals. The hospitals were of varying sizes: 34% of the hospitals were Ͻ250 beds, 29% were 250 -400 beds, and 37% were Ͼ400 beds. Nearly one half of these hospitals (49%) had Ͼ24 ICU beds.
Internal consistency was high on the entire survey and for each of the subscales with values ranging from 0.755 to 0.974 (Table 1) . A plot of the eigenvalues (scree plot) suggested the existence of ten unique components. These ten components explained 68.5% of the variance and supported the presence of ten independent scales. The majority of items loaded on one and only one component with loadings Ն3.0; thus, Wrigley's Criterion also supported the existence of ten components. Strong loadings on each of the components confirmed the construct validity of the ten subscales as named in Table 1 .
The majority of hospitals (89%) where these physical therapists were used required a physician consultation to initiate PT for their ICU patients. Established hospital criteria for the initiation of PT in the ICU were present at only 10% of the hospitals. Physical therapists automatically evaluated all ICU patients at only 1% of the hospitals. Those hospitals with established criteria did not differ from the hospitals that required a physician con-sultation to initiate PT when analyzed in relationship to hospital affiliation, hospital size, ICU size, number of full-time physical therapists, number of ICU physical therapists, or the number of nights that PT was available at those institutions. Only 58% of the university or university-affiliated hospitals had routine weekend physical therapist coverage in comparison with 68% of the community hospitals (p ϭ 0.03). A very small percentage of the hospitals provided physical therapist coverage at night (1% of the university or university-affiliated hospitals and 3% of the community hospitals, p ϭ 0.28).
PT Involvement. PT was likely to be routinely provided in all six of the patient scenarios (Table 2 ). However, PT was statistically more likely to be routinely provided to the two neurologic and the trauma patient scenarios than for the three medical patients ( Type of PT Performed. Therapeutic exercises and functional mobility retraining were the most common types of PT provided to ICU patients (Table 3 ). Positioning and passive range of motion exercises were occasionally administered to the six clinical scenarios by physical therapists especially for the two neurologic patient scenarios. Mixed model repeated-measures analysis demonstrated that the likelihood scores were significantly lower for chest physiotherapy (p Ͻ 0.0001) and functional electrical stimulation (p Ͻ 0.0001) than all other forms of PT for all the six scenarios. The scores for positioning, therapeutic exercise, and passive range of motion exercises tended to be similar for the C6 fracture scenario and the most likely to be used in this case ( Table 3 ). The score for functional mobility retraining was lower than for positioning (p Ͻ 0.0001) or passive range of motion exercises (p ϭ 0.0195) given the C6 fracture scenario. Mixed model repeatedmeasures analysis demonstrated that the likelihood scores were significantly lower for chest physiotherapy (p Ͻ 0.0001) and functional electrical stimulation (p Ͻ 0.0001) than all other forms of PT, whereas the scores for functional mobility retraining and therapeutic exercise tended to be similar for the COPD and myocardial infarction scenarios ( Table 3) . All other pairwise comparisons were significant at p Ͻ 0.0001 for those two cases. For the trauma, pneumonia, and stroke scenarios, scores were highest for functional mobility retraining and therapeutic exercise (p Ͻ 0.0001), but functional mobility retraining and therapeutic exercise were not different from each other when compared. Scores were highest for functional mobility retraining, positioning, and therapeutic exercise in reference to these three scenarios (Table 3) .
Using the pneumonia scenario as the control, ordinal logistic regression by type of PT was performed to further explore the effect of patient scenario on the likelihood of performing each type of PT. Passive range of motion was more likely to be performed for the scenario of stroke, C-6 fracture, and trauma; positioning was more likely to be used for the scenario of stroke or C-6 fracture, whereas functional mobility training was unlikely to be used for a C6 fracture; and functional electrical stimulation was more likely to be used in the scenario of stroke, C6 fracture, and COPD (Table 4 ).
Functional mobility retraining was the most common answer to the question "which single type of physical therapy was felt to be the most efficacious for that patient scenario," and therapeutic exercises was the second most common answer for all six of the scenarios (Table 5 ). However, there were significant differences in the distribution of these re- sponses based on the specific patient scenario (p Ͻ 0.001). The most uncertainty concerning the type of PT that would have the most positive impact was in response to the patient with the C6 fracture and quadriplegia. When we compared the responses for only the three medical scenarios, there were significant differences in the opinions of the physical therapists between functional mobility retraining and therapeutic exercises (p ϭ 0.02; Table 5 ).
DISCUSSION
In this national survey, we identified several important trends concerning the utilization of PT for critically ill patients. In the United States, PT was commonly ad-ministered to ICU patients during their recovery from critical illness. In most hospitals, the primary physician was required to initiate the PT consultation, and Ͻ10% of hospitals have established criteria for the institution of PT for ICU patients. The likelihood that a patient received PT and the frequency that PT was delivered varied significantly with the type of hospital and the specific clinical scenario. The most common forms of PT that would be performed by physical therapists were functional mobility retraining and therapeutic exercises. However, the type of PT most likely to be delivered differed significantly depending on the patient scenario. As opposed to European and Australian physiotherapists, physical therapists in the United States were unlikely to provide chest physiotherapy to critically ill patients (23, 24) . In addition, there was a significant variability among the physical therapists as to the type of PT that would have the most positive impact for the clinical scenarios.
Therapeutic exercises and functional mobility retraining are two forms of PT with different therapeutic goals. The aim of therapeutic exercise is to restore strength, flexibility, and endurance (25). In therapeutic exercise sessions, the patient may undergo exercises aimed at passively and actively training both the lower and the upper extremities, such as lifting light weights or pushing against a resistance. The goal of functional mobility retraining is to regain balance, coordination, and the ability to walk independently (26). Any patient able to walk can start directly with progressive walking retraining, aided by a rolling walker and/or by the therapist. When a patient cannot be weaned from the ventilator, a portable ventilator can be provided to aid with the patient's work of breathing during exercise. Based on the responses to our national survey, both therapeutic exercise and functional mobility retraining are commonly used in PT sessions for ICU patients recovering from critical illness. However, determining the proper balance between therapeutic exercises and functional mobility re- Neurological Cerebral vascular accident 84% (80%-88%) 13% (10%-16%) 3% (1%-5%) C6 fracture with quadriplegia 43% (37%-48%) 30% (26%-34%) 28% (24%-32%) Trauma
Motor vehicle accident with liver laceration 77% (73%-81%) 22% (18%-26%) 1% (0%-2%)
Medical
Chronic obstructive pulmonary disease exacerbation 65% (61%-69%) 32% (28%-36%) 3% (1%-5%) Sepsis and pneumonia 68% (64%-72%) 28% (24%-32%) 4% (2%-6%) Myocardial infarction/heart failure 63% (59%-67%) 35% (31%-39%) 2% (1%-3%) training during PT sessions for patients recovering from critical illness will require future investigations. There are several potential detractions to our study. The response rate to the survey was 50%. The physical therapists who responded to the survey could have provided a skewed view of the actual practice across the country. In addition, our survey only collected the opinion of the physical therapists concerning common but hypothetical patient scenarios, rather than collecting data about true involvement based on visual confirmation of such practices. Such a study would be interesting and would require either prospective or retrospective medical record audits, which represent an avenue for further investigation. We also did not include the opinions of other healthcare professionals, such as respiratory therapy, nursing, critical care physicians, or occupational therapy in this survey to determine their activities with ICU patients. It is possible that these healthcare professionals actually provide certain forms of PT to these patients, such as positioning, passive range of motion exercises, and chest physiotherapy that may not be performed by physical therapists. Therefore, on the basis of the results of our study it should not be interpreted that these patients do not routinely receive positioning, passive range of motion exercises, and chest physiotherapy; it is just that physical therapists do not routinely perform these types of PT to patients recovering from critical illness. Future surveys regarding the role of other healthcare professionals will need to be performed to further elucidate the utilization of these interventions in the critically ill population.
All our patient scenarios involved patients who had been mechanically ventilated for 2 weeks. Therefore, the involvement of physical therapists earlier in the ICU course of critically ill patients was not addressed by this study. One randomized clinical trial of PT in mechanically intubated patients who started therapy on an average of 1.4 days after intubation demonstrated a reduction in the duration of mechanical ventilation and greater functional independence with early PT (27). Similarly, our survey did not examine the utilization of PT after hospital discharge. Two studies have examined the efficacy of PT interventions for ICU survivors. One study was a retrospective analysis of patients admitted to a chronic ventilatory hospital (28). Of note, none of these patients had received PT during their ICU stay. With PT sessions con-ducted 5 days/week, each session being 30 -60 minutes in duration, there were significant improvements in both upper and lower limb motor strength, and functional independence scores. Jones et al (29) performed a randomized clinical trial of PT education for 126 ICU patients who had required mechanical ventilation. At the time of discharge from the hospital, these patients were randomized to receive either a 6-week rehabilitation package consisting of 93 pages of text with illustrations or no educational materials at all. Compared with controls, the intervention group had significant improvement in the Short Form Health Survey (SF-36) physical function scores at both 8 weeks and 6 months. On the basis of the results of these studies, a European Respiratory Society and European Society of Intensive Care Medicine Task Force concluded that there was only level D (expert opinion) evidence regarding the effectiveness of long-term or chronic PT for critically ill adults (22) .
In summary, in the United States, PT is commonly administered to patients recovering from critical illness. Given the debilitating aspect of immobility and neuromuscular weakness that develops in association with critical illness, future research should be performed to help determine the efficacy of PT interventions for patients who survive critical illness, with an added emphasis on the determination of the specific types of PT that will be most efficacious. The overall goal of future research in this field will be to identify effective therapies that improve the long-term physical function and health-related quality of life for survivors of critical illness. All questions outlined above were the same for all scenarios Scenario 2: A patient is admitted to the ICU of your hospital with severe COPD and respiratory failure. The patient is intubated. The doctors think that it will be difficult to get this patient off the ventilator. After 2 weeks, the patient is still in the ICU, has had a tracheostomy, and still requires mechanical ventilation. The patient is alert and able to follow commands. The patient has diffusely weak (3+ to 4 of 5) muscle strength throughout.
Scenario 3:
A patient is admitted to the ICU of your hospital after a motor vehicle accident. The patient has a cervical fracture (C6) with paraplegia. On the first day in the ICU, the patient had a tracheostomy performed and is on mechanical ventilation. The patient is fully alert with three of five muscle strength in the shoulder muscle groups and the elbow flexors. No sensation or motor control is noted below the C6 level. After 2 weeks, the patient is still in the ICU and required mechanical ventilation. The patient is alert and able to follow commands with no significant change in sensation or movement.
Scenario 4:
A patient is admitted to the ICU of your hospital with a large myocardial infarction (heart attack). The patient has been intubated and placed on mechanical ventilation because of congestive heart failure. The patient has already been to the cath lab and had two stents placed. The patient is slowly recovering but still remains on mechanical ventilation. The patient is alert and able to move all extremities. After 2 weeks, the patient is still in the ICU and requires mechanical ventilation. The patient is alert and able to follow commands. The patient has diffusely weak (3+ to 4 of 5) muscle strength throughout.
Scenario 5:
A patient is admitted to the ICU of your hospital with a severe pneumonia. The patient is intubated and on mechanical ventilation. The patient has a complicated hospital course involving renal failure. After 2 weeks, the patient is still in the ICU, has had a tracheostomy , and still requires mechanical ventilation. The patient is alert and able to follow simple commands. The patient has diffusely weak (3+ to 4 of 5) muscle strength throughout.
f. Functional Electrical Stimulation Very unlikely
Very likely
